ABSTRACT: Extraction of coconut oil with a pure culture of Lactobacillus plantarum 1041 IAM was investigated. Grated coconut meat and water at 30, 50, and 70°C were mixed in various ratios (1:1, 1:2, and 1:3) and allowed to settle for 2-6 h. The most efficient coconut cream separation was obtained at the 1:1 ratio of grated coconut meat to water at 70°C, followed by 6 h settling time. Fermentation was then conducted on coconut cream emulsion with the sample from 1:1 ratio, 70°C, and 6-h settling time. Oil yield from the fermentation process with 5% inoculum of L. plantarum 1041 IAM after 10 h at 40°C was 95.06% Quality characteristics of the extracted oil were as follows: moisture content, 0.04%; peroxide value, 5.8 meq oxygen/kg; anisidine value, 2.10; free fatty acid, 2.45%; iodine value, 4.9; and color, 0.6 (Y + 5R). Extraction of coconut oil from coconut meat with L. plantarum 1041 IAM was significantly improved in both oil yield and quality over the traditional wet process.
About 10% of the total oils and fats entering the world market is coconut oil (1). Several methods are currently practiced for removing oil from either fresh coconut meat or copra (dried coconut kernel). These technologies include the (i) wet process, (ii) the dry process, and (iii) solvent extraction. (i) The wet process can be carried out by grinding coconut meat with water and filtering it to produce coconut milk or coconut cream. This emulsion contains protein and coconut oil, which can be separated either through common kitchen utensils or hydraulic presses. However, coconut oil extraction by these wet process techniques has not been commercially successful (2-4). (ii) The dry process is the present commercial technique for coconut oil extraction. Copra is cleaned, ground, steamed, and pressed through an expeller for coconut oil extraction. This extracted oil is further purified by neutralization, bleaching, and deodorization to remove free fatty acids (FFA), odors, flavors, and pigments. (iii) Solvent extraction is possible with an appropriate solvent, such as benzene or n-hexane. Even though oil recovery is high, the process is rarely applied owing to its high risk and high investment cost.
Usually, the recovery of coconut oil by the traditional wet process is low, about 30-40% (5). Moreover, the oil obtained is of poor quality owing to the high moisture content (MC) dark color, and short shelf life (6). The process is also energyand time-consuming. On the other hand, the traditional method is easy to handle, and the extracted coconut oil has a pleasant aroma and low FFA (7). Several workers have investigated alternative wet extraction methods to recover coconut oil. Che Man et al. (8) studied the use of 0.1-0.4% acetic acid (25%) for coconut oil extraction and showed a recovery of 58.3-60.3% of good-quality oil. In another study, Che Man et al. (9) obtained a yield of 73.8% of good-quality oil with an enzyme mixture at 1% (w/w) each of cellulase, α-amylase, polygalacturonase, and protease at pH 7.0 and an extraction temperature of 60°C. The extracted oils in these studies required no further purification to meet the quality of the proposed International Standard by the Asian and Pacific Coconut Community (4). An earlier study by McGlone et al. (10) , in which a mixture of polygalacturonase, α-amylase, and protease were used on diluted coconut paste, obtained an 80% yield of good-quality oil, compared to the Official Mexican Standards (10). Suhardiyono (11) investigated the use of baker's yeast to extract coconut oil. The mixed culture of baker's yeast grew in coconut milk and broke the emulsion into good-quality oil. Moreover, the yield of extracted oil was double that of the traditional wet process. Based on this work, we postulated that higher recovery of coconut oil could be obtained by using pure cultures of microorganisms. Therefore, the objectives of this study were to investigate the effect of a pure culture of Lactobacillus plantarum 1041 IAM to break the coconut cream emulsion for separating the oil and to determine the yield and quality characteristics of the extracted oil. Extraction of coconut cream. The extraction of coconut milk was carried out as follows: Grated coconut meat and water at 30°C were mixed in proportions of 1:1, 1:2, and 1:3. The mixture was kneaded manually for 5 min, and the milk was extracted, squeezed, and strained through a layer of cheesecloth. The coconut milk obtained was then left to settle for 2, 4, and 6 h. The samples based on the ratio of 1:1 were used to determine the effect of different settling times (2, 4, and 6 h) and temperatures (30, 50, and 70°C) on the oil extraction yield. Coconut milk was then allowed to settle and separate into two layers: the upper cream emulsion layer, which was thick and dense, and the lower aqueous layer, which contained mainly water and was drained off.
MATERIALS AND METHODS

Materials
Treatment of coconut cream by chemicals and heat. The freshly extracted coconut cream was treated chemically as described by Bhowmik and Marth (14) with some modifications. The coconut cream (200 mL), containing 1 g of 30% hydrogen peroxide (H 2 O 2 ), was incubated at 40°C for 2 h. Catalase (10.5 mg) was then added to decompose the H 2 O 2 . Coconut cream was further incubated at 30°C for 3 h. A preliminary experiment was carried out to determine the degree of stability of the product by a plate count. As a result of the peroxide/catalase treatment, the bacterial plate count was reduced to 3870 cells/mL coconut cream compared to 4.01 × 10 8 cells/mL coconut cream in the original sample. Fermentation. A pure culture of L. plantarum strain 1041 IAM was transferred to the MRS medium for cell activation at 30°C for 48 h (13). Pellets of L. plantarum were obtained after centrifugation with phosphate buffer saline (PBS) solution several times. Dilution was carried out in PBS with different concentrations between 10 −1 and 10 −6 . These dilutions were later checked with a spectrophotometer at 540 nm to obtain the appropriate optical density (OD). The number of lactic acid bacteria cells was determined by hemacytometer at the selected and specified OD (0.01-0.06). Coconut cream was divided into two parts. Portion of the cream were transferred to fermentation vessels where 1, 3, and 5% inocula of L. plantarum 1041 were added; another portion was used as a control. Fermentation was carried out from 2 to 10 h at 40°C (12). Determination of lactic acid. Coconut cream (10 mL) was augmented with five drops of 0.5% phenolphthalein, followed by titration with 0.1 N NaOH solution. The acid produced by L. plantarum 1041 IAM was calculated as lactic acid (%, wt/vol) with the formula: 1 mL 0.1 N NaOH = 0.009 g lactic acid.
Oil recovery. The oil recovery was calculated based on the initial oil content of the coconut meat as determined by the Soxhlet method of AOAC (15) and the direct weight measurement of oil obtained after extraction.
Analyses of oil quality. MC and percentage (%) FFA were measured according to AOAC methods (15). Peroxide (PV) and iodine (IV) values were measured according to British Standard No. 684 (16). The anisidine value (AnV) and fatty acid composition (FAC) were measured according to PORIM Test Methods (17). Color was measured by Lovibond Tintometer (Model E) according to British Standard No. 684 (16) .
Statistical analysis. The data were analyzed by analysis of variance techniques. Means that were significantly different at a 5% level of probability (P < 0.05) were further separated by Duncan's Multiple Range Test (18).
RESULTS AND DISCUSSION
Effect of coconut meat/water ratio on oil yield. The effect of different amounts of water at 30°C added to coconut meat on extraction yield of oil is shown in Table 1 . The results show that the 1:1 ratio gave the highest oil yield, compared to 1:2 and 1:3. As the ratio of water added was increased, the oil content decreased. Higher proportions of water increased the dilution effect and therefore decreased the oil yield in coconut cream from 37.09 to 32.50 and 28.48% in 1:1, 1:2, and 1:3, respectively, after 2 h of settling time. The same trend was found for 4-and 6-h settling times. Banzon et al. (1) found that the composition of coconut cream is largely based on the amount of water added for the extraction of oil. This result showed that adding less water contributed to a higher proportion of oil and is in agreement with the finding of Banzon and co-workers.
Effect of water temperature and settling times on oil yield. Table 2 shows that as water temperature was increased from 30 to 70°C, there was a significantly increased (P < 0.05) oil yield for the 1:1 ratio of coconut meat/water when followed by 2-6 h settling times. The oil recovery from coconut cream with 70°C water was 46.23%, while those of water at 30 and 50°C were 37.09 and 40.83%, respectively. The most effective time of settling the coconut milk was 6 h, which yielded 51.33% oil when the water was at 30°C. The yield was further increased to 83.88% with water at 70°C. Therefore, a long settling time is required at higher temperature to efficiently separate the cream emulsion so that higher oil yield is obtained.
Oil yield after fermentation. Based on the previous experiments, coconut cream from the 1:1 coconut meat/water ratio (wt/vol) was used for fermentation study. The concentrated coconut cream contained lower proportions of skim milk and therefore reduced the volume of inoculum added. Puertollano et al. (12) 
